Background: No large population-based studies have been done on systemic lupus erythematosus (SLE) mortality trends in the United States.
S
ystemic lupus erythematosus (SLE) is a chronic autoimmune disease with limited treatment options (1) . Five-and 10-year survival rates for patients with SLE improved from less than 50% in the 1950s to more than 90% in the 1980s (2) . However, the influence of more recent diagnostic and therapeutic developments on SLE mortality in the general population of the United States is unknown.
Previous studies of SLE mortality were based primarily on deaths in patient cohorts (3-6), which do not capture changes in SLE incidence over time and do not reflect the true burden and trends of SLE mortality in the general population. Several studies have used population-based designs but were limited to specific regions and small samples (7) (8) (9) (10) . Some studies pooled deaths from multiple years (for example, 9 to 30 years) (3, 7, 10) , which obscures changes in SLE mortality trends during the collection periods. These limitations may have contributed to the inconsistency of findings from previous studies (5, 6) . We therefore undertook a population-based study of temporal trends and demographic and regional differences in SLE mortality in the United States from 1968 through 2013. We examined SLE mortality trends by sex, race/ethnicity, and geographic region and conducted multiple logistic regres-
Annual Mortality Rates
We quantified age-specific crude mortality rates for SLE and non-SLE causes for each year from 1968 through 2013 as the number of deaths divided by the number of persons in the U.S. general population. This was done within age strata (10-year ranges, except at the extremes of the age distribution, as shown in Appendix Table 3 [available at Annals.org]) for the total U.S. population and separately for each sex, race, and geographic region.
To calculate the overall age-standardized mortality rate (ASMR) for the population for each year from 1968 through 2013, we combined the yearly age-specific crude mortality rates with the age distribution of the U.S. population in 2000, as described in Appendix Table 3 . This was done separately for the total U.S. population and for each sex, race, and geographic region and for both SLE deaths and non-SLE deaths. We then computed the ratio of the SLE ASMR to the non-SLE ASMR for each year.
Statistical Analysis
We used joinpoint regression to fit piecewise-linear (or broken-line) trends to the yearly SLE ASMR, the yearly non-SLE ASMR, and the ratio of the former to the latter over the 46-year period. Joinpoint regression identifies a set of joinpoints (or knots)-the time points (calendar years) at which the change in the slope of the ASMR is statistically significant-and computes the slope (year-to-year percentage change in annual ASMR) and the 95% CI over each linear trend segment between adjacent joinpoints (14) . This approach identifies the year when the trend (slope of the increase or decrease) in mortality rate changes significantly and determines the magnitude of the change. Joinpoint regression analyses were conducted using the National Cancer Institute Joinpoint Regression Program, which uses a grid search method (15) to find the best locations for the joinpoints based on a least-squares fit of the data and uses a permutation test to determine the optimal number of joinpoints (16) (Appendix, available at Annals.org).
A second set of analyses was designed to determine the independent relationship of age (≤64 vs. ≥65 years), sex, race/ethnicity, geographic region, and calendar year with SLE mortality. Data were pooled across ). Frequency weights represented total SLE deaths or the total population without SLE deaths for each group in each period. In addition to the main effects for each of the demographic, geographic, and time variables, we tested for effect modification by including the pairwise interaction terms of race/ethnicity, sex, geographic location, and calendar year in the model. For interactions that were statistically significant (2-sided P < 0.05), we assessed SLE mortality associations stratified by race/ethnicity. We estimated the odds ratio and 95% CI. We then used the Stata margins command to calculate model-predicted annual mortality for the individual demographic, region, or time characteristics integrated across all other characteristics and the pwcompare option to compute the differences in predicted annual mortality between 2 strata (for example, old vs. young or male vs. female), integrated across all other demographic, region, and time variables.
Sensitivity Analysis
Since 1999, information on the contributing cause of death, which is defined as "other significant conditions contributing to death but not resulting in the underlying cause," has been available in the CDC WONDER database. To address the possibility that SLE may not be listed as the underlying cause on death certificates of some patients who died of SLE complications and that this coding error may differ across different subpopulations, we performed the multiple logistic regression analyses for cases where SLE was listed as a contributing cause of death.
Role of the Funding Source
The funding agencies had no role in this study.
RESULTS
We identified 50 249 deaths with SLE listed as the underlying cause in the United States from 1968 through 2013. The proportions of SLE deaths among females, nonwhite persons, and residents of the South and West were higher than the proportions of non-SLE deaths ( Table 1) .
Mortality Trends Overall and by Sex, Race, and Geographic Region
The ASMR for SLE decreased from 0.45 (95% CI, 0.42 to 0.48) per 100 000 persons in 1968 to 0.34 (CI, 0.32 to 0.36) per 100 000 persons in 2013. However, the relative decrease in the SLE ASMR (24.4%) was Figure 1 , available at Annals.org). Although the SLE ASMR did not statistically significantly increase among white persons and those in the Asian/ PI/AI/AN group at any time over the study period, the SLE ASMR among black persons increased between 1975 and 1983, did not change between 1983 and 2002, and decreased between 2002 and 2013. Persons in all 4 geographic regions also experienced a period of increase in the SLE ASMR before a decrease during the most recent period. In contrast to this changing trend for the SLE ASMR, the non-SLE ASMR decreased or stayed stable throughout the study period in all subpopulations (Appendix Figure 1) .
To highlight the changes in SLE mortality relative to non-SLE mortality over time, we also examined secular trends in the ratio of the SLE ASMR to the non-SLE ASMR ( Figure) . An increase in the ratio between 1975 and 1998 indicates an increase in the proportion of U.S. deaths from SLE during this period. The ratio showed a sustained decrease after 1998 but was still 34.6% higher in 2013 than in 1968 ( Table 2) . A similar pattern of increase followed by decrease in the ratio was seen in all subpopulations (Appendix Figure 1) , except that the rising trend ended earlier in males than in females (1983 vs. 1998 ) and in white persons than in black persons (1998 vs. 2004 ). The relative cumulative change between 1968 and 2013 also differed between males and females, between white persons and black per- ASMRs per 100 000 persons for SLE and non-SLE causes are shown in the top and middle panels, respectively. Data are displayed per calendar year of death, with lines fitted on the basis of joinpoint analysis. The bottom panel shows the ratio of SLE to non-SLE ASMRs. A positive slope of the ratio indicates increased risk for death from SLE vs. non-SLE causes, and a negative slope indicates decreased risk. The APC for each trend in SLE ASMR, non-SLE ASMR, and the ratio of SLE to non-SLE ASMR is presented as stack bars under each panel. Each stack is segmented at the year in which the change in slope is statistically significant and is aligned with the trend line. Numbers in each stack denote the APC (95% CI). The shaded stacks indicate an increasing trend, and the unshaded stacks represent a decreasing or nonsignificant trend. APC = annual percentage change; ASMR = agestandardized mortality rate; SLE = systemic lupus erythematosus. * P < 0.05 for slope change.
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sons, and between the South and other regions ( Table 2) .
Results of Multiple Logistic Regression
The secular decreases over time since 1999 that were seen in the unadjusted joinpoint analyses (Figure) were supported by the results of the multiple logistic regression ( Table 3) . After adjustment for age, sex, race/ethnicity, and geographic region, the risk for SLE death was significantly lower in 2004 through 2008 than in 1999 through 2003 and decreased even further in 2009 through 2013. Females had significantly higher risk than males, as did members of racial/ethnic minorities (black, Asian/PI/AI/AN, and Hispanic) relative to white persons, residents of the South or West relative to the Northeast, and persons aged 65 years or older relative to those aged 0 to 64 years.
Interaction testing for effect modification revealed significant interactions between race/ethnicity and both sex and geographic region, indicating that race/ethnicity modified the relationship among sex, geographic region, and SLE mortality. No significant interactions were found between calendar periods and all other covariates (data not shown), suggesting that the decrease in SLE mortality with time occurred similarly in all demographic groups. The final model included only the interactions between sex and race and between region and race.
Analysis of SLE mortality risk stratified by race/ethnicity revealed that it was higher in females than in males in all racial/ethnic groups, but the adjusted odds ratio and mortality differences differed between various racial/ethnic groups and were largest in non-Hispanic black persons and smallest in non-Hispanic white persons ( Table 4 ; Appendix Table 4 , available at Annals .org). For each racial/ethnic group, SLE mortality risk was greater in all other regions relative to the Northeast, except for non-Hispanic black persons in the Midwest and Hispanic persons in the South and Midwest. Hispanic persons in the Midwest had significantly lower SLE mortality than those in the Northeast. In nonHispanic white persons, residence in the South conferred the highest SLE mortality risk, but in the other 3 racial/ethnic groups, residents of the West had the highest risk. The largest regional disparity in SLE mortality risk was in the Asian/PI/AI/AN group in the West versus the Northeast; the next largest regional disparity was in Hispanic persons in the West versus the Midwest.
We repeated the multiple logistic regression analyses for deaths where SLE was listed as a contributing cause (Appendix Tables 5 and 6 , available at Annals .org). Findings were similar to trends observed in cases where SLE was recorded as the underlying cause of death. † Annual mortality for each characteristic is the marginal probability predicted by the model, integrated across all other characteristics. For example, mortality in males and in females is integrated over both age groups, all races/ethnicities, all calendar periods, and all geographic regions. ‡ Mortality differences for the individual-variable comparisons are marginal probability differences among strata, integrated across all other characteristics. For example, age difference is the difference in SLE mortality between the 2 age groups, integrated over all males and females, all races/ethnicities, all calendar periods, and all geographic regions.
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DISCUSSION
Analyses of all deaths recorded across the United States over a 46-year period revealed that the reduction in mortality attributed to SLE was less than the reduction in non-SLE mortality, and the ratio of SLE to non-SLE mortality was 34.6% higher in 2013 than in 1968. Although all-cause mortality has decreased continuously over time, SLE mortality decreased initially but then increased before decreasing in the most recent study period. We found differences in SLE mortality trends by sex, race, and region, which were supported by multiple regression analyses that also revealed significant racial/ethnic differences in associations of SLE mortality with sex and region.
After an initial decrease between 1968 and 1975, SLE mortality increased annually for 24 years, followed by a sustained decrease for 14 years starting in 1999. Changes in SLE incidence over time could partially explain the observed changing trends in SLE mortality. In Minnesota, incidence of SLE tripled between 1950 and 1992 (7), and in Spain, incidence increased from 1.9 cases per 100 000 persons in 1987 to 1991 to 4.5 cases per 100 000 persons in 1992 to 1996 before decreasing to 1.6 cases per 100 000 persons in 2002 to 2006 (17) . Use of new diagnostic tests, classification criteria, and therapies could also have influenced SLE mortality trends (Appendix Figure 2 , available at Annals.org). For example, oral immunosuppressive therapies, including cyclophosphamide and azathioprine, were introduced in the 1970s (18) and were associated with increased drug toxicities that were reduced with the introduction of intravenous pulse cyclophosphamide in the 1980s (19, 20) . Subsequent use of mycophenolate (21) and combination therapy with induction and maintenance phases in the 1990s (22) led to further reductions in drug-associated complications and greater efficacy. Increasing use of antimalarial drugs (7) and awareness of cardiovascular complications of SLE since the late 1990s (23) might also have contributed to recent improvements in SLE outcomes. The pattern of changes in mortality that we observed may reflect these therapeutic advances and potential benefits or complications of treatment.
We found significant disparities in SLE mortality among subpopulations based on sex, age, race/ethnicity, and geographic region. Increased SLE mortality in older persons may be related to complications associated with increasing cumulative doses of immunosuppressive medications as well as SLE complications, such as atherosclerosis. Higher mortality in females might reflect the higher prevalence of SLE among them, although sex-associated genetic, hormonal, social, and environmental factors may also influence SLE mortality (24, 25) . Increased SLE mortality in black persons might The total number of deaths in the sample was 18 866. Multivariable logistic regression models included interaction terms. Of the pairwise interactions tested, only race/ethnicity by sex and race/ethnicity by geographic region were statistically significant. † Annual mortality for each characteristic is the marginal probability predicted by the model, integrated across all other characteristics within each racial/ethnic group. For example, mortality in males and in females is integrated over both age groups, all calendar periods, and all geographic regions. ‡ Mortality differences for the individual-variable comparisons are marginal probability differences among strata, integrated across all other characteristics within each racial/ethnic group. For example, age difference is the difference in SLE mortality between the 2 age groups, integrated over all males and females, all calendar periods, and all geographic regions.
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be attributable to more high-risk disease features, such as extensive cellular crescents in the kidneys (26) . Similar findings of increased mortality in black persons were reported in previous studies (3, 27) . The higher SLE mortality in Hispanic persons than in white persons observed in this study contradicts a previous study that reported lower mortality risk among Hispanic versus white Medicaid patients; however, that study had relatively few SLE deaths among Hispanic persons (27). Furthermore, the significant sex and regional differences that we found in racial/ethnic disparities may have confounded previous studies that did not explicitly look for such interactions. We found significant regional differences in SLE mortality in each racial/ethnic group. Residence in the West conferred the highest SLE mortality risk in all racial/ethnic groups except white persons, who had the highest risk in the South. A previous study identified clusters of elevated SLE mortality in Alabama, Arkansas, Louisiana, and New Mexico and clusters of low mortality in Minnesota, Vermont, Virginia, and Washington (28). The areas with elevated mortality had higher rates of poverty and/or greater concentrations of Hispanic persons than the areas with lower mortality (28). Further, a study in nonwhite persons suggested a greater effect of poverty than race/ethnicity on SLE mortality (29). Geographic differences in the quality of care of patients with lupus nephritis have also been reported, with more patients in the Northeast receiving standardof-care medications (30). Interactions between genetic and nongenetic factors associated with race/ethnicity and geographic differences in environment, such as increased sunlight exposure, socioeconomic factors, and access to medical care, might also influence SLE mortality.
Our approach of using direct age standardization to calculate annual mortality rates has advantages over the more commonly used indirect age standardization methods. Previous studies of SLE mortality, which were summarized in 2 recent meta-analyses (5, 6), have reported standardized mortality ratios, which are based on indirect standardization using the age structure of the study population (that is, the SLE patient cohort). However, standardized mortality ratios from different studies are not comparable when the age structure of the study population varies (31). Other strengths of our study include a systematic statistical approach to identifying the calendar years when mortality trends changed; computation of the ratio of the SLE ASMR to the non-SLE ASMR to assess SLE mortality relative to all-cause mortality; and use of multivariate regression analyses with interaction terms to assess the independent effect of demographic characteristics and region on SLE mortality, with allowance for one risk factor modifying the effect of another.
Several limitations of this study should be considered. First, the validity of our findings depends on the accuracy of the physicians' coding on death certificates, which is difficult to ascertain. Systemic lupus erythematosus was recorded on death certificates in only 60% of deaths in patients with SLE in well-defined patient cohorts from the South (32). Such underreporting of SLE on death certificates, especially in older patients and those without health insurance and with low education levels (32, 33), may result in underestimates of SLE mortality in certain subpopulations. Nevertheless, the large differences we found in SLE mortality by sex, race/ethnicity, and region are unlikely to have resulted from misclassification of cause of death because greater underreporting of SLE as the cause of death in underprivileged groups (32, 33) would lead to greater underestimation of SLE mortality in the groups for which we found higher risk (such as females, black persons, Hispanic persons, and residents of the South). Second, revisions between ICD-8 and ICD-9 and between ICD-9 and ICD-10 may also have influenced the estimation of mortality trends, although studies that measured the effects of ICD revisions have reported good comparability ratios for disease classification between revisions (34, 35). Third, secular changes over time in physicians' reporting and attributing of SLE as the underlying cause of death could have influenced SLE mortality trend estimates. However, sensitivity analyses of deaths for which SLE was recorded as a contributing cause also showed the same trends (Appendix Tables 5 and 6), suggesting that errors in coding of cause of death did not substantially bias the findings. Finally, data on disease severity; treatment history; organ involvement; and other clinical, laboratory, and social variables were not available in our study.
In conclusion, our analyses of data from the U.S. National Vital Statistics System revealed that SLE mortality decreased in all subpopulations, including females and black persons, during the past decade after periods of increasing rates from the 1970s through the 1990s. Despite improving trends, SLE mortality remains high relative to non-SLE mortality, and disparities persist between subpopulations and geographic regions. Comprehensive examination of SLE mortality using prospective population-based data collection could be helpful in understanding the mechanisms of the disparities in SLE mortality and identifying potentially modifiable risk factors that might inform targeted research and public health programs to promote health equity across subpopulations and regions of the United States. 
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APPENDIX: STATISTICAL METHODS

Joinpoint Regression Program
The joinpoint regression model identifies changes in trend data by fitting a set of joinpoints (points indicating slope changes) over the entire period. The model assumes that its regression mean function is piecewise linear and that the linear segments are continuously connected at the joinpoints. Joinpoint regression is also referred to as segmented regression, piecewise regression, or broken-line regression. Joinpoints are the years in which the changes in the slope are statistically significant. The Joinpoint Regression Program (version 4.2.0.2; National Cancer Institute) has an easy-to-use graphical user interface. The user inputs a formatted data file and selects the minimum and maximum number of joinpoints based on the observed data. For this study, we selected a maximum of 5 joinpoints. The user then selects 1 of 3 options for handling heteroscedastic errors: constant variance (homoscedasticity), SE, or Poisson variance. In addition, the user can select 1 of 2 methods for model fitting: the grid search method or the Hudson method. The grid search method identifies a discrete number of locations for testing for changes in slope, and the Hudson method allows for continuous model fitting but is more computationally intensive. Each trend can be as short as 1 year or can encompass several years, depending on the grid search method. For this study, we provided the SE and used the grid search method. Finally, there are advanced settings, which are described in the instruction manual (40).
The Joinpoint Regression Program uses a permutation test to find the optimal number of joinpoints. For greater consistency in the permutation test P values, the Joinpoint Regression Program runs at least 4499 permutations to select the optimal number of linear segments to fit the model. Because fitting all 4499! (factorial) possible permutations would be computationally intensive, the program uses a Monte Carlo simulation to conduct significance tests on a sample of the 4499! permutations, which are adjusted using the Bonferroni correction to reduce the likelihood of false-positive results (16). SLE = systemic lupus erythematosus. * Rates are standardized to the population from 2000 to eliminate the effect of age variation from year to year. The same method was used to calculate age-standardized mortality rates for all years from 1968 to 2013 and for all subpopulations based on sex, race, and geographic region. † Calculated as SLE Deaths / General Population × 100 000. ‡ Calculated as age-specific SLE crude mortality rates per 100 000 persons × standard population. Total number of deaths expected in the standard population Х 1510. § Age-standardized rate per 100 000 persons is equal to 1510 / 274 633 644 × 100 000 = 0.550.
Multivariable Regression Analyses (Stata Codes)
South, and 110 to 317 among persons in the West. Data for Asians/PIs plus AIs/ANs are shown only for 1979 through 2013 because data from before 1979 are unreliable due to a small number of annual SLE deaths (<20) in this subpopulation. Because information on Hispanic ethnicity on death certificates is available only after 1999, ethnicity was not included in the joinpoint analysis. The APC for each trend for each subpopulation is presented as stack bars below each panel. Each stack is segmented at the year in which the change in slope is statistically significant and is aligned with the trend line. The numbers in each stack denote the APC (95% CI). The shaded stacks indicate an increasing trend, and the unshaded stacks represent a decreasing or nonsignificant trend. AI = American Indian; AN = Alaska Native; APC = annual percentage change; ASMR = agestandardized mortality rate; MW = Midwest; NA = not available; NE = Northeast; PI = Pacific Islander; SLE = systemic lupus erythematosus. * P < 0.05 for slope change. Multivariable logistic regression models included interaction terms. Of the pairwise interactions tested, only race/ethnicity by sex and race/ethnicity by geographic region were statistically significant. The total number of deaths in the sample was 18 866.
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